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The possibility of designing half-metallic magnetic multilayer systems is investigated. In part two the prospects of realizing a half-metallic antiferromagnet with emphasis on applications in scanning-tunneling microscopy is discussed.
Half-metallic magnetism as an interface property
PtMnSb is the material with the highest magneto-optical this way on a complicated system like a multilayer is at the moment out of reach (at least with the computers available to me). In order to circumvent this problem we select the semiconductor from a class of compounds where LDA systematically gives a good description of the band gap: the group IV-a divalent chalcogenides.
Pb was selected because of its heavy mass (MOKE is relativistic in origin); PbO was selected because it has the largest band gap of the lead-chalcogenides. Figure 2 The possibility to study a system depending on spin is most relevant for magnetic systems, which unfortunately will be perturbed magnetically by the presence of a permanent magnetic tip a few angstroms away in the SPSTM set-up. This problem could be circumvented if we were able to design a half-metallic antiferromagnet,
i.e. a system rvithout a spontaneous magnetisation but with 100% spin polarization of the charge carriers at E,. Such a material seems exotic, but we will see that it is quite possible -in principle at least.
The reason for this optimism is the following observation.
First, it is important to realize that the spin-magnetic moment of a HMF is an integral number.
This follows straight forwardly from the half-metallic nature: since one spin direction is semiconducting it has an integral number of occupied states. Since the total number of electrons is integral, the number of electrons for the metallic spin direction is necessarily also integral, as well as the difference of the number of electrons for the two spin directionswhich is the spin-magnetic moment (at least for the purpose of this discussion).
In NiMnSb this number is 4, with the magnetic moment almost completely localised on Mn. The fact that CoMnSb is a HMF [4] originate from the fact that the electron it lacks compared to NiMnSb is completely donated by the metallic spin direction.
Hence a reduction of the magnetic moment from 4 to 3.
In the following discussion we will consider the substitution of Co in CoMnSb by other 3d elements Fe. Mn and Cr. It has to be emphasized here that although most of these compounds do form with the given stoichiometry; they do not crystallize in the Heussler Cl, structure, the structure for which the calculations on which this chapter relies have been performed. Substitution of Co by Fe would -if half-metallic behaviour persists-lead to a reduction of the magnetic moment from 3 to 2. The fact that this is indeed what happens comes from FeMnSb adopting a more complicated magnetic structure: it orders ferrimagnetically with the moment on Mn(3pIs), antiparallel to the moment on Fe( 1~~). In this way a net magnetic moment of only 2~~ results with at the same time higher local magnetic moments as would be possible in a ferromagnetitally ordered half-metallic system. This is the result of a new contribution to the exchange coupling: the only possible way for FeMnSb to have seizable moments and maintain the energy gain of the energy gap for one spin direction is to order ferrimagnetically.
The ferromagnetic solution has a higher moment (5.09~~) but also a higher total energy since it is a normal ferromagnet.
In the same spirit MnMnSb in the Heussler Cl,, structure is a ferrimagnet, half-metallic with a net moment of 1~~. In going to CrMnSb the moment is reduced by another pB, hence CrMnSb is the half-metallic antiferromagnet we were looking for ( fig. 4) . In a sense, one could consider CrMnSb as an accidental antiferromagnet because the cancellation is not due to a symmetry relation between sites with up and down spins, but the moments on Cr are cancelled by the moments on Mn on different crys-
